To describe the epidemiological characteristics and the clinical manifestations of the confirmed dengue cases over a ten-year period in Barbados, one of the English-speaking Caribbean countries. Methods: All the cases of confirmed dengue from 2000 to 2009 were retrospectively studied. Long-term trends in incidence rate, demographic characteristics such as age, gender and seasonal distribution; clinical manifestations, immunological characteristics, need for hospitalization and mortality were studied. Results: There were 3413 confirmed cases of dengue including 778 (22.8%) children and 2635 (77.2%) adults. The mean annual incidence rate of dengue was 1.36/1000 population. The median age of the persons with confirmed dengue was 27 years. The largest number of cases was seen in the 11 to 16-year age group. Hospitalization was required in 13.1% of dengue cases; 72.5% and 84% of all dengue were secondary infections among the children and adults, respectively. Dengue haemorrhagic fever accounted for 2.2% and 6% of all confirmed dengue among children and adults, respectively. The overall case fatality rate in this study was 0.35%. Conclusions: Dengue is a significant health problem primarily in adolescents and young adults. It is characterized by less severe cases and lower mortality rate.
INTRODUCTION
Dengue is the most common and is geographically the most rapidly spreading vector-borne viral disease that has established itself globally in both endemic and epidemic cycles (1) (2) . It is an important emerging public health issue with increasing morbidity and mortality in the South and Central Americas including the Caribbean (3) (4) (5) (6) (7) . Dengue is reported to be endemic in most of the English-speaking Caribbean, including Barbados, with an epidemic occurring every four to five years (7) (8) . All four serotypes have been circulating in the Caribbean and all of the serotypes have been concurrently isolated in some of the countries since 2001, including Barbados (7) (8) .
Although there is a perceived increase in disease burden, dengue epidemiology in the Americas including the Caribbean region has not been well documented, with a paucity of longterm epidemiological studies in published literature (7, 9, 10) . Published seroprevalence studies from the English-speaking Caribbean have shown a high prevalence of DENV-specific antibodies among children (11) (12) (13) . Very few studies from the English-speaking Caribbean have attempted to characterize the dengue epidemics in this region (14, 15) . Available reports in the published literature are those from the passive surveillance data collected by the regional health agencies, based on the cases reported by the member countries, which are known to have underestimated the true extent of the disease burden (1, 16) .
Barbados has a well-organized public healthcare infrastructure with free healthcare for its citizens at the point of delivery. There is an ongoing vector control programme and a dedicated dengue testing laboratory, making active surveillance possible. All these provide an excellent opportunity to study the trends in the epidemiology of dengue. In this report, the first population-based, long-term study of confirmed dengue cases among both children and adults in the Englishspeaking Caribbean, we characterize dengue epidemiology during the last decade and describe the clinical manifestations and the disease outcomes in patients with dengue in Barbados.
SUBJECTS AND METHODS
This retrospective, population based study reports on dengue during the period January 2000 to December 2009. This report includes all the laboratory confirmed dengue cases (either positive IgM titre in acute serum sample and/or positive for NS1 (non-structural protein 1) antigen and/or positive dengue virus culture in blood) from among all the suspected cases of dengue in Barbados. Necessary ethical approval for this study was obtained from the Institutional Review Board on Ethics in Research on Human Subjects at The University of the West Indies and the Ethics Committee at the Queen Elizabeth Hospital (QEH).
Dengue, being endemic in Barbados, is suspected in any person presenting with fever of more than 24 hours duration and the cause of the fever is not obvious at presentation. Furthermore, dengue is a notifiable disease in this country. The Government of Barbados, which provides free healthcare to its citizens, has had an enhanced dengue surveillance system (EDSS) in place since 2000. While passive dengue surveillance system (PDSS) involves the collection of data from unsolicited reports of suspected cases, EDSS surveillance involves active case finding. It encourages and supports healthcare providers to report dengue (16) . A blood sample is routinely obtained from all the suspected cases of dengue and is sent to the local Dengue Laboratory in Barbados for dengue testing. When a febrile person presents during the first five days of the illness, blood is tested for the NS1 antigen along with the IgM and IgG antibodies and if the NSI and IgM were both negative and the blood sample was drawn before day three of the illness then a blood test is repeated after day five of illness for the dengue IgM and IgG antibodies. When febrile persons present between days five and 15 of the illness, blood is tested for the dengue IgM and IgG antibodies. Non-structural protein 1 antigen detection has been available only since 2006 and in the period prior to 2006, samples taken during the first five days of the illness were sent to the regional reference laboratory at the Caribbean Epidemiology Centre (CAREC) in Trinidad and Tobago for viral culture. All persons suspected of having dengue are further investigated and treated appropriately based on their clinical presentations. If the persons need hospitalization, they are referred to the Queen Elizabeth Hospital, which is the only tertiary care hospital and which provides over 90% of all inpatient care in this country.
IgG and IgM antibody-capture enzyme-linked immunosorbent assay (ELISAs) were performed according to manufacturer's instructions (Focus Diagnostics, Cypress, CA 90630 USA). Platelia™ Dengue NS1 Ag-ELISA (Biorad Laboratories, Marnes-La-Coquette, France) was used for the NS1 antigen detection. The assay uses murine monoclonal antibody for capture and revelation.
Demographic and clinical data on all suspected febrile persons (both children and adults) who were tested for dengue were collected from the dengue register at the Department of Pathology at the QEH during the years prior to 2005 and from the Central Dengue Laboratory thereafter. Supplementary clinical information was gathered from the patient's case records. The following case definitions were used: Primary dengue case was where IgM was positive but IgG was negative while secondary dengue case was one where both IgM and IgG were positive in the acute serum sample (17) .
The four World Health Organization (WHO) classification (17) and case definitions were used to classify the clinical symptoms in these children and adults as -undifferentiated fever (UF), dengue fever (DF) or dengue haemorrhagic fever (DHF) or expanded dengue syndrome (EDS). Diagnosis of DHF was assigned to confirmed cases of dengue who presented with the following four criteria: acute sudden onset of high fever for two to seven days, haemorrhagic manifestations with at least a positive tourniquet test, platelet count < 100 000 x 10 9 /L, haemo-concentration (rising packed cell volume > 20%) or other evidence of plasma leakage, for example, ascites, pleural effusions or low level of serum protein/albumin. The diagnosis of EDS was assigned to patients with dengue who had unusual or atypical manifestation such as neurological, hepatic, renal or other isolated organ involvement.
Data were stored in a specially designed Microsoft ® Access database and were analysed using SPSS ® statistical software package version 11. Microsoft ® Excel was used for the generation of all graphs and tables. Proportion and 95% confidence interval (CI) were calculated using binomial distribution and results were corrected for continuity. Associations between categorical variables were assessed for statistical significance by Chi-squared test. A probability (p) of ≤ 0.05 was considered statistically significant.
RESULTS
There was a total of 7878 persons suspected and investigated for dengue in Barbados during the 10-year study period. A total of 3413 persons including 778 children (22.8%; 95% CI: 21.4%, 24.3%) and 2635 adults (77.2%; 95% CI: 75.6%, 78.6%) were confirmed to have dengue. The overall annual incidence rate of dengue was 1.36/1000 population (range 0.59/1000 population -2.31/1000 population). During the non-epidemic years, the annual incidence rate of dengue var-ied from 0.59 to 1.85/1000 population. The time trend in the annual number of dengue cases is shown in Fig. 1 .
While dengue was seen throughout the study period, the years 2001 and 2007 witnessed dengue in epidemic proportions (epidemic threshold was defined as case number two standard deviations above the previous year). Most cases of dengue (56.8%; 95% CI: 51.7%, 62.2%) were seen during the months of October to January. The basic demographics of the study population are shown in Table 1 . The median age of the persons with confirmed dengue was 27 years (range < 1 year to 96 years). Most of the cases of dengue (81.0%; 95% CI: 78.4%, 83.1%) were seen in the ages six years to 50 years. Only 3.3% of confirmed dengue was seen in persons older than 60 years. The mean annual incidence rate of dengue among children under 16 years was 1.38/1000 children, while the mean annual incidence rate among the adult population was 1.17/1000 adults.
Of the 3413 cases of confirmed dengue, 446 cases of dengue (13.10%; 95% CI: 11.9%, 14.2%) occurred among hospitalized persons. The remainder of the cases were diagnosed Kumar et al Both the IgM and the IgG results were available in 1932 cases of confirmed dengue. Analysis of cases where the results from both the IgM and IgG antibodies tests done at the time of presentation were available revealed that, overall, 81.4% (95% CI: 79.6%, 83.1%) of all cases of dengue were secondary infection with IgG being positive. Among the children, 72.5% (95% CI: 68.0%, 76.4%) of all dengue cases were secondary infection, while among the adults, 84% (95% CI: 82.0%, 85.9%) of all dengue cases were secondary infection. In children less than 12 months of age, 79.7% (95% CI: 69.2%, 88.9%) had secondary infection. Among the children, there was an increasing trend (p = 0.056) in the proportion of dengue that was secondary infection over the study period. However, in ambulatory patients presenting with symptoms and signs suggestive of dengue but not of the severe forms. Figure 2 shows the time trend in the proportion of the dengue cases that were diagnosed among hospitalized children and adults. Overall, 23.3% (95% CI: 20.3%, 26.4%) and 10.1% (95% CI: 9.2%, 11.6%) of dengue during the study period were diagnosed among the hospitalized children and adults, respectively (p = 0.002). Among the children, 39.6% (95% CI: 32.2%, 47.6%) and 18.1% (95% CI: 14.3%, 22.6%) of all dengue was diagnosed among the hospitalized children under the age of six years and those in the age group 11 to 15 years, respectively (p < 0.001). Of note, a higher proportion of dengue occurred in adults who were hospitalized in the years 2001 (15.3%; 95% CI: 12.3%, 18.9%) and 2007 (25.9%; 95% CI: 21.9%, 30.2%), both of which were epidemic years. The difference in the proportion of dengue cases among the hospitalized persons during the epidemic years (2001 and 2007) as compared to the nonepidemic years was not statistically significant (p = 0.057). among the adults, there was no trend in the proportion of dengue that was secondary infection over the study period. Overall, 78.4% (95% CI: 75.3%, 81.2%) of all dengue seen among the ambulatory persons was secondary infection, whereas 87.7% (95% CI: 81.2%, 93.1%) of dengue among the hospitalized persons was secondary cases (p = 0.068). The clinical manifestations of dengue among the children and adults are shown in Table 2 .
Among the children, EDS included the diagnosis of hepatitis, meningo-encephalitis, myocarditis and shock with multiorgan failure. Expanded dengue syndrome in adults included the diagnosis of hepatitis, myocarditis, shock with multi-organ failure and meningo-encephalitis. While 68.9% (95% CI: 62.6%, 74.5%) of dengue manifesting as undifferentiated fever and classical dengue fever was secondary infection, 95.4% (95% CI: 90.3%, 99.1%) of the dengue presenting as EDS and all 100% of the dengue presenting as DHF were secondary cases (p = 0.01). All 12 deaths were among the patients with severe form of dengue manifesting as either the dengue haemorrhagic fever or expanded dengue syndrome with shock and multi-organ failure. The overall case fatality rate (number of nantly a childhood disease (26) (27) . In areas such as Nepal (28) and Hawaii (29) experiencing the first major outbreak of dengue fever, the majority of cases occur in the adult population. With the occurrence of infections from additional serotypes, hyperendemicity develops and the dengue will typically emerge as a disease of early childhood while clinical dengue in adults would be rare (26) (27) . This phenomenon has been observed in some of the southeast Asian countries, where all the serotypes (DENV-1-4) are circulating simultaneously (30) .
Over four-fifths of all cases of dengue were secondary infection; 72.5% and 84% of all dengue in children and adults, respectively were secondary infection. Further analysis of age and IgG positivity revealed that there was a high positivity during the first year of life, falling to a level less than 20% by the second year of life followed by exponential rise in the positivity reaching a peak of over 80% by 20 years and then remaining at that level. This is a reflection of early age at exposure to the infection and high vector density which is reported to occur with maturing endemicity (30) . In contrast to the situation observed in Barbados, a recent study from Puerto Rico reported a much lower proportion of secondary infection at 49.4% (21) . In an endemic country like Thailand, it has been shown that vector abundance (ie more frequent cases of DF) drives mean age down, whereas lower numbers of vectors drive the age upward with less frequent cases of dengue (31) . In our study, 10.1% of all dengue among adults and 23.3% of all dengue among children were seen in persons who needed to be hospitalized. This is in contrast with those reported from the neighbouring Hispanic Caribbean, with more recent emergence of dengue and lower proportion of secondary cases compared to that seen in this study, where less than 5% of all patients were hospitalized (21) . Sequential infection of two serotypes leads to more severe type of disease (eg DHF). This phenomenon, termed "antibody-dependent enhancement", increases the number of infected cells and is thought to lead to higher virus titres and a more pronounced inflammatory response (31) . Hence the cases of DHF will be observed in the early adulthood group. Data from Trinidad and Tobago show that it was predominantly the 20-39-year age group that had DHF (32) .
Overall, 5% of all cases of dengue in this study presented as DHF; 2.2% and 5.6% of children and adults, respectively with dengue presented as DHF. Likewise, a recent and similarly designed study from the neighbouring Hispanic Caribbean reported 4% of all dengue as DHF (21) . This is in keeping with the pattern seen in populations with more recent re-emergence of dengue and lesser endemicity with fewer secondary cases and fewer hospitalization, in contrast to the greater endemicity with higher proportion of secondary cases and greater number of hospitalization. With the passage of time, both the number and the severity of the cases are expected to shift to the lower age group (20) .
One of the major limitations of this study was the possible under estimation of the disease burden. Cases of dengue deaths from confirmed dengue divided by the total number of confirmed cases of dengue and expressed as percentage) in this study was 0.35% (Table 1) .
DISCUSSION
Dengue cases were seen during all of the years of study. There was an epidemic in 2001 and a second, larger epidemic in 2007 ( Fig. 1) . For the purpose of this study, epidemic threshold was defined as case numbers two standard deviations above the previous year (18) . The annual incidence rate of dengue in this study varied during the 10-year period. Although there was an overall declining trend in the incidence of dengue seen during the study period, it was not statistically significant (p = 0.67). A report from Nicaragua in Central America presented a very similar picture of incidence trend to that seen in this study (19) . As the number of years since re-emergence of dengue in a population increases, the number of susceptible population would decline with increasing monotypic and polytypic herd immunity (20) . This would naturally lead to the declining and subsequent stabilizing of the overall incidence rate in that population.
Our average annual incidence rate (1.36/1000 population) of dengue compares well with those reported from Puerto Rico and Brazil, where dengue was re-introduced during the same time period as Barbados (21, 22) . However, it was much higher when compared with the annual incidence rate (< 1/1000 population) reported in similar studies from Thailand where dengue was introduced or re-introduced much earlier than those in Barbados (23) . It is noteworthy that a much lower incidence rate was reported for the non-Hispanic Caribbean (0.71/1000 population) for a similar study period in a study of dengue in the Americas (3). The North American region had a very low incidence rate. The lower incidence rate reported in that regional study (3) may be reflective of the under-reporting inherent in the existing passive surveillance system in most countries. This has been pointed out in some of the studies based on active surveillance and those of modelling studies (10, 21) .
In Barbados, dengue is a disease of adolescents and young adults with less than a fourth of all confirmed dengue occurring in children (< 16 years). The number of cases of dengue is seen to peak among the 11-15 year age group (12.2% of all cases) and nearly half of all the cases occurred in the 10 to 30-year age group. This pattern is usually indicative of a shorter time period since the re-emergence of dengue in this population in the 1990s. Reports from other southeast Asian and Central and South American countries where dengue re-emerged earlier than the English Caribbean have shown that the majority of the cases occur in children (24) (25) . Rodriguez-Barraquer et al, in a simulation study from Brazil, have clearly demonstrated the age shift and severity of dengue with the passage of time since the re-emergence of dengue in that population (20) . In epidemiological studies from the southeast Asian countries which are hyperendemic with all four serotypes in circulation, dengue is reported to be predomi-where the patient did not present for medical care may have been missed. Also, cases of dengue where the attending physician either did not consider dengue as a possible diagnosis or did not investigate for dengue might have been missed.
In summary, dengue cases peaked in the 11 to 25-year age group. It occurs throughout the year but most of the cases were seen during the rainy months of October to January. Over four-fifths of dengue in adults and nearly three-fourths of those in children were secondary infection. Five per cent of all dengue manifested as DHF. Less than one-fourth of children and one-tenth of adults with dengue required hospitalization. The overall case fatality rate from dengue was 0.35%.
